Taking ¢, 3 theory as an example and calculating the anomalous dimension r, (q) in the ladder approximation, we show that the QCD-like correction to the structure function drastically changes from its lowest order result when a Rcgge cut running with Q' dominates the ordinary I~egge pole.
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Effect of Regge Cut in Asymptotically Free Field Theory
Masanori OKA W A and Y oshimitsu SHIMIZU Dej,artment of Physics, University of Tokyo, Tol<_yo 113 (R,ceived November 1, 1979) Taking ¢, 3 theory as an example and calculating the anomalous dimension r, (q) in the ladder approximation, we show that the QCD-like correction to the structure function drastically changes from its lowest order result when a Rcgge cut running with Q' dominates the ordinary I~egge pole.
In non-relativistic quantum mechanics, the Schri:idinger equation with a potential of the form -g 2 / r 2 near the origin gives rise to a fixed Regge cut in the complex angular momentum plane.U The radial wave functions behave as because the centrifugal potential 1s replaced by an effective one, {l(l-i-1) -g 2 }/r 2 • (2) For the deep inelastic scattering, this implies that the asymptotic form of the amplitude is given by (3) where the minus sign assures Tz ([q[) to be [q[·l-l 
In this case, the behavior of Tz ([q[) 1s , roughly speaking
showing the branch points, now shrink as [q[ becomes The fixed branch points similar to those in Eq. (L1) have also been found in the relativistic field theories. In any known renormalizable such as r/;/, and QED, the elastic seatteri ng amplitude has a square-root cut which depends on g 2 but not on the momentum in the ladder approximatior~."l Taking a i~ctitious r/;6 3 theory and solving the BS-equation with one particle exchange kernel, Lovelace4l has shown that the deep inelastic scattering amplitude behaves as This result is also given by other authors. 3 l The explicit form of r t is -rz=2-1 [l+ 1 scalar-photon-¢ scattering ( Fig. 1 ) in the rest of this paper. It should be noted that this cannot be seen in the leading logarithm approximation. Indeed, in this case, Eq. (8) reduces to
so that only a suprious pole remains at l=-1. The operator product expansion technique for the amplitude gives (11) n where the notations would be self-explained. According to the renormalization group formalism, the coefficient functions en (Q 2 , g) are developed as follows:
where the renormalization point is set to be f-1 2 , t=lnQ 2 //1 2 and (j and fn are anomalous dimensions for the current and the operator ¢a f-'l .. • () f-'n ¢ respectively. In order to include the nonleading corrections, we have explicitly calculated the anomalous dimension r n in the ladder approximation to all orders (Fig. 2) . Adopting minimal subtraction scheme, we found that this is nothing but the one given by Lovelace, Eq. (9) (with a trivial replacement l-7n) . 7 ) To perform the integration in Eq. (12), ~~-e need the beta-function defined by dg/(3(g) =dt.
(13)
In the lowest order (one loop),', this is knovv·n as (14) so that the effective coupling constant is (15) with A 2 =p 2 e-2 1 3 • In the same order, the
Collecting these yields
which shows an essential singularity at n = -1. However, if the full expression for r n• Eq. (9), is used, this singularity disappears and two cuts are generated. The location of branch points is determined by Thus in the present approximations, the singularities are cuts whose positions depend on Q 2 • It should be noted that the right-most branch point appears to the right of n = -1, i.e., the essential singularity in Eq. ( 17), contrary to the result of Ref. 9) . This brings us to a new situation which cannot be inferred from the lowest order calculations. We denote the right-most branch point as -1+P'o(Q2),
P'o(Q~) = -1 + .J1+ .J32/3ln(Q 2 / A 2 ). (20)
In the same way as the deep inelastic lepton-nucleon scattering, we introduce the distribution function G (x, Q 2 ). The moment is defined by M(n, Q 2 ) = s: dx xn-lG(x, Q 2 ). (21) Having all of the moments at Q 2 =Q0 2 , we get those at Q 2 according to
In the following we are interested in the analytic properties of M(n, Q 2 ) in the complex n-plane, so that we omit factors containing r j and en (we assume that en is irrelevant to our discussion). The inverse transform of Eq. (21) is, therefore,
Assuming t=ln Q 2 / A 2 :?>1 but t 0 =ln Q 0 2 / A 2 ""'-'0(1) and using Eq. (9), (15) and (18), we have
,...__,4 ln t/3 (n + 1) (n + 2) + F(n, t 0 ), (24) where
and those terms which are unimportant here are ignored. Finally,
where the factor exp (F(n, t0)) is rewritten as an integral of 0' (() =Im exp (F((, t0)) along the cut. Suppose that the structure function at Q 2 =Q0 2 is dominated by a Regge pole, then M(n, Q 0 2 ) has a form 1/ (n +a). In Eq. (26), however, there is another singularity, namely a cut whose right-most branch point ( -1 + /)'0) moves as Q 0 2 varies as noted before. Therefore, ·for an appropriate value of Q 0 2 , a situation will occur in which the dominant singularity is not a Regge pole but a branch cut. This will happen when the inequality, holds in our model.
In order to give some feeling about the effect of the cut, it is convenient to see the behaviour of kernel function 11 J defined by 
Evaluating this for y->0, Q 2 )> A 2 gi\·es
The first term arises from the branch point and dominates the second term which corresponds to the essential singularity at n= -1. A term similar to the latter also appears in the analysis of the QCD corrections to l-N scattering.101>1u Note that the new term behaves as a power of ln Q 2 and not of ln(ln Q 2 ). In the ¢6 3 theory, the condition given by Eq. (27), has no realistic meaning. For a realistic model such as QCD, however, this may cause an immediate effect. In the one loop approximation the anomalous dimensions are known to be (we retain only their right-most singularities)
for non-singlet and singlet operator, respectively. For the singlet part, on the other hand, the branch point develops from n = 1 so that it is always the dominant singularity, since the intercept of Pomeron is unity, ctp(O) =1. This seems to contradict the unitarity bound, 131 but in deep inelastic scattering we do not usually impose the elastic unitarity on the amplitudes so we have no bound actually. tion 111 a fashion similar to QED. 141 In this way, however, the parton picture becomes unclear because we need many and many tower diagrams. In order to confirm our result there remams many problems to be solved. First, including the contribution from other diagrams than the ladder may change the form of r n> Eq. (9) . Second, we have used the beta-function calculated only in the lovvest order.
These problems are very difficult, but it wi1l be important to investigate the effect of order diagram. beyond the prescn_t approxin1ation.
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